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We studied the ability of algae adsorption in wastewater polluted by alloys. A mathematical
model is developed to describe the biosorption of metals by algae in the contaminated water. The
numerical, steady state and analytic solutions are obtained by using Crank — Nicolson method and by
using similarity method. The results provides understanding the advection and diffusion of metals in
the contaminated water at various times and positions. It was found that the concentration of metals in
the contaminated water consisting of the algae decreases over time and asymptotically reaches the
equilibrium state. Moreover, the analytic results were validated by comparing with experimental data.
This work is expected to greatly benefit an environmental science particularly conceming the
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Chapter 1

Introduction

1. Background and Rationale

Nowadays wastewater is one of the major problems of environment stemming from
community, agriculture and industrial effluents which are different amount of the byproduct of
industrialization. With the increase in industrial nowadays, the problem of wastewater has become
even more severe especially with lacking of good wastewater management. Industrial wastewaters
differ in their impurities and here metals contaminated wastewater is considered for treatment aspect
using microalgae. Normally, wastewater treatment can be as simple as chemical addition or as
complex as the combination of multiple unit processes for a complete water treatment system. Here
the process of adsorption is focused. The microalgae is used as an adsorption agent, thus the process is,
so called biosorption. Because aerobic treatment reservoir in our system has abundant the algae and
aquatic plant, they then act as wastewater cleaning metal alloys agent in the contaminated water. The
mathematical model is developed to describe the biosorption of metals by algae in the contaminated

water and the analytic solution is obtained for having insight into the problem

2, Purpose of the Study
1. To analyze the concentration of metals remaining in the contaminated wastewater after adsorbed
by algae.
2. To use numerical method for computing approximate solutions of mathematical model.
3. To use similarity method for finding analytical solution of mathematical model.
4. To create a Matlab code for showing the behavior of the concentration of metals remaining in

the contaminated wastewater at any time and various distances.



3. Scope of the Study

We will study concentrations of metals in the remaining of the contaminated wastewater at
various distances after adsorbed by algae. Moreover, we also find numerical solution by Crank
Nicolson method and analytical solution by Similarity method. And we compare experimental data of
the adsorption of malachite green onto Phithophora sp. [4]. and adsorption of chromium (VI) from

electroplating factory by chitosan resin [9]. with analytical solution.

4. Method

1. Studing the adsorption process by algae of metals in contaminated wastewater.

2. Developing mathematical model to explain and analyze concentrations of metals remaining in

the contaminated wastewater.

3. Studying the adsorption by algae.

4. Solving numerical and analytical solutions at any time and various distances.

5. Comparing analytical solution with experimental data.

S. Utilization of the Study

1. Understanding about processing adsorbed of metals in the contaminated wastewater by biomass.

2. Understanding about adsorption of mathematical model.

3. For analytical solutions of concentration remaining in the contaminated wastewater after

adsorbed by algae at various distances.

4. Be able to use mathematical model for computing concentration of metals in the contaminated

wastewater at any time and various distances.



Chapter 2

Theory and Literature Reviews

This research we study about adsorption of metals in the contaminated wastewater by algae.
In this chapter we describe about wastewater treatment, adsorption, equation of adsorption and

methods for solving mathematical model.
2.1 Wastewater Treatment

The purpose of wastewater treatment is to remove the contaminants from water so that the
treated water can meet the acceptable quality standards. The quality standards usually depend upon
whether water will be reused or discharged into a receiving stream. Available wastewater treatment
processes can be broadly classified as physical, chemical or biological. These processes, which
consisting of a series of unit operations, are applied in different combinations and sequences
depending upon the prevailing situations of influent concentration, composition and condition and

specifications of the effluent.

Physical processes are based on exploitation of the physical properties of the contaminants
and are generally the simplest forms of treatment. These principally comprise screening,
sedimentation, flotation and filtration. Chemical processes utilize the chemical properties of the
impurities or of the added reagents. Commonly used chemical processes are precipitation,
coagulation, and disinfection. Other physical and chemical processes such as air stripping, carbon
adsorption, oxidation and reduction, ion exchange and membrane processes like reverse osmosis and
electrodialysis are also important in certain particular cases. Biological processes utilize biochemical

reactions; typical examples are biological filtration and the activated sludge process.

The wastewater treatment processes are generally grouped according to the water quality they
are expected to produce. These processes are usually grouped as the primary treatment, the secondary
treatment, and the tertiary or the advanced waste treatment. Primary treatment removes identifiable

suspended solids and floating matter. In the secondary treatment, also known as the biological



treatment, organic matter that is soluble or in the colloidal form is removed. Advanced waste
treatment may involve physical, chemical or biological processes or their various combinations
depending on the impurities to be removed. These processes are employed to remove residual soluble
non — biodegradable organic compounds, including surfactants, inorganic nutrients and salts, trace
concentrations of various types, and dissolved inorganic salts. The advanced waste treatment
processes are expensive, and are used only when water produced is required to be of higher quality
than that produced by conventional secondary treatment so that the treated water can be reclaimed and

put to some form of direct re — use.

2.2 Biological Treatment

Biological treatment has been very successful in the removal of organic pollutants and
colloidal organics from wastewater. Activated sludge, biological filters, aerated lagoons, oxidation
ponds, and aerobic fermentation are some of methods available for wastewater biodegradation. In the
removal of toxic waste, more care is needed since the bacteria can be destroyed from shock loading or
increases of toxic material fed in without allowing time for the population to grow large enough to
deal with it.

Biodegradation occurs because bacteria are able to metabolize the organic matter through
enzyme systems to yield carbon dioxide, water, and energy. The energy is used for synthesis, motility,
and respiration. Simple dissolved matter is taken into the cell and oxidized, but with more complex
inorganics, enzymes are secreted extracellularly to hydrolyze the proteins and fats into a soluble form
which can then be taken into the cell and oxidized. Hence, more complex matter takes longer to
process. Some organic compounds are “refractory,” they cannot be oxidized while others are toxic to
the bacteria at high concentrations.

The purpose of biodegradation is to convert the waste into end — products and material that
will settle and can be removed as sediment. Again, biodegradation may not be 100%. Also, toxic
byproducts may be formed. Further treatment by chemical methods or dilution may be needed to get

the contaminant to a concentration prescribed as safe.



Nitrogen (N) and phosphorous (P) are essential in the oxidation process for the synthesis of
new cells. Trace amounts of potassium and calcium are also required. The former are sometimes
deficient, so nitrogen is added in the form of ammoniacal nitrogen (nitrite and nitrate are not readily
used by bacteria).

BOD, or Biochemical Oxygen Demand, measures the strength of the organics present and is
defined as the amount of oxygen needed by the bacteria for oxidation. The more concentrated the
organic material, the higher the BOD. A BOD: N: P ratio of 100:5:1 is thought to be the optimum
ratio of nutrients needed by bacteria.

In this research we focus on a type of wastewater treatment pond which stabilization ponds.

The specification is shown the following next subtopic.

2.1.1 Stabilization Ponds

In this process, wastewater is stabilized by the actions of bacteria in shallow ponds.
There are basically two types of ponds: one where there is a natural supply of oxygen from algae
photosynthesis (oxidation ponds), and mechanically — supplied — oxygen ponds. The bacteria
metabolize the wastes and the solids settle at the bottom as sludge. Also, there is anaerobic
decomposition, with an interchange of products between the two layers of bacteria in a symbiotic
relation.

Due to oxidation ponds has been widely used as a collective term for all types of
ponds. Originally, an oxidation pond was a pond that received partially treated wastewater. Type of
oxidation ponds are Aerobic ponds, Facultative ponds, Anaerobic ponds, Maturation ponds and
Aecrated lagoons. In this research we are interest wastewater treatment by algae, and then next

subtopic is described of aerobic ponds.

2.1.2 Aerobic Ponds
The aerobic pond is a shallow pond less than 1 m in depth. Which light penetrates to
the bottoms, thereby maintaining active algae photosynthesis throughout the entire system. During the

daylight hours, large amounts of oxygen are supplied by the photosynthesis process; during the hours
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2.3 Sorption

Sorption is a process whereby. a dissolved substance is transferred to and becomes associated
with solid material. It includes both the accumulation of dissolved substances on the surface of solids
(adsorption) and the interpenetration or intermingling of substances with solids (absorption). The
substance that is sorbed is called the sorbate and the solid is called the sorbent. Desorption is the
process whereby a sorbed substance is released from a particle.

For neutral organics, several mechanisms underlie the sorption process. These included
(Schwarzenbach et al. 1993):

1. Hydrophic effects cause the sorbate to associate with organic matter in the particular phase
because of an unfavorable free — energy cost of staying in solution.

2. Weak surface interactions via van der Waals, dipole — dipole, induced dipole, and other weak
intermolecular forces.

3. Surface reactions where the sorbate actually bonds to the solid.

For charged toxins, the additional mechanism of ion exchange can occur. It should also be
mentioned that, aside from organically rich materials, neutral organic chemicals are also sorbed by
solids with little or no organic content. For such cases the sorbent consists of inorganic matter such as
clays. Such inorganic solid sorption is usually significant only when the organic carbon content of the

solids is quite low.

2.3.1 Adsorption

Adsorption processes have been used since the 1950s for the high-efficiency removal of
a wide variety of organic vapors and several types of inorganic gases. The use of adsorption processes
has been expanding recently due to innovations in the designs of the systems and to the development
of new adsorbents.

Adsorption systems designed for odor control and other low contaminant concentration
applications (<10 ppm) are relatively simple. In these cases, the adsorbent bed is discarded as it
approaches saturation with the contaminant.

Adsorption is operative in most natural physical, biological, and chemical systems, and is
widely used in industrial application such as activated charcoal, synthetic resins and water

purification.



2.3.2 Adsorption Forces

The adsorption process is classified as either physical or chemical. The basic
difference is the strength in which the gas molecule is bonded to the adsorbent. In physical adsorption,
the gas molecule is held to the solid surface by weak forces of intermolecular cohesion. The chemical
nature of the adsorbed gas remains unchanged; therefore, physical adsorption is a readily reversible
process. In chemical adsorption a strong chemical bond is formed between the gas molecule and
adsorbent. Chemical adsorption, or chemisorptions, is not easily reversed.

Physical Adsorption

The forces active in physical adsorption are electrostatic in nature and occur under
suitable conditions in most gas-solid systems. These forces are present in all states of matter: gas,
liquid, and solid. They are the same forces of attraction that cause gases to condense and deviate from
ideal behavior under extreme conditions. Physical adsorption is also referred to as van der Waals’
adsorption. Because of Van der Waals’ forces, physical adsorption can form multiple layers of
adsorbate molecules, one on top of another.

The electrostatic effect that produces Van der Waals’ forces depends on the polarity of
both the gas and solid molecules. Molecules in any state are either polar or nonpolar depending on
their chemical structure. Polar substances exhibit a separation of positive and negative charges within
the compound, which is referred to as a permanent dipole. Water is a prime example of a polar
substance. Nonpolar substances have both their positive and negative charges in one center so they
have no permanent dipole. Most organic compounds are nonpolar because of their symmetry.

Chemical adsorption

Chemical adsorption (chemisorption) results from a chemical interaction between the gas
and the solid. The gas is held to the surface of the adsorbate by the formation of a chemical bond.
Adsorbents used in chemisorption can be either pure substances or chemicals deposited on an inert
carrier material. One example of the former is the use of pure iron oxide chips to adsorb hydrogen
sulfide gas. An example of the latter is the use of activated carbon that has been
impregnated with potassium iodide to remove mercury vapors. All adsorption processes are
exothermic whether adsorption occurs from chemical or physical forces. The fast-moving gas

molecules lose kinetic energy when adsorbed on the solid, which results in the liberation of heat.



2.4 Adsorption Kinetics

Kinetics study is an important part of researches in adsorption area because the mechanism of
the process can be realized by kinetic constants. Knowledge about kinetic parameters provides
valuable insight into the reaction pathway. As well the rate of adsorption which controls the resistance

time is determined by kinetics.

2.4.1 Pseudo First Order Kinetic Model
The pseudo — first — order rate expression of Lagergren is a widely used kinetic model for
adsorption data analysis. This kinetic model is used for reversible reaction with an equilibrium being

established between liquid and solid phases it is represented by equation (2.1),
dq
dt

Integrating equation (2.1) for the boundary conditions t =0 to t =t and q = 0 toq = q,, results

= k,(q.—-q,) 2.1

to the following equation (2.2),

n8e=9) _ _ k,t 2.2)
q.

Which may be rearranged to form,

q, =q,(1—-¢e™") (2.3)
Where (, is the sorbent uptake capacity (mg/g") at any time t, q, denotes the sorbent uptake
capacity (mg/g’) at equilibrium and k, (min™) is the observed rate constant of pseudo — first — order

kinetics model.

2.5 Ability of Adsorption of Biomass

Biomass is any organic matter - wood, crops, seaweed, animal wastes that can be used as an
energy source. Biomass gets its energy from the sun. During a process called photosynthesis. This my
research studies about adsorption by biomass. Then algae biomass used in this research. In next table

shows type of algae biomass for metal adsorption in the contaminated wastewater.
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2.6 Numerical Solution of Partial Differential Equations Using Finite Difference Method
2.6.1 Crank -~ Nicolson Implicit Method

Although the explicit method is computationally simple it has one serious drawback.

1
The time step 8t = Kk is necessarily very small because the process is valid only for 0 <k /h* < >

and h=38X must be kept small in order to attain reasonable accuracy. Crank and Nicolson (1974)
proposed, and used, a method that reduce the total volume of calculation and is valid for all finite
values of r whereast =k /h?. They replaced 6’u/0x’ by the mean of its finite — difference

representations on the (j+1)th and j th time rows and approximated the equation. [8]

ou o*U
-~ 2.4
o o (2.4)
U.. -U..
whereas a—U oz TRt 7L 2.5)
ot k
U 1{ Uiy =2V + Uiy +Ui+x.j‘2Ui,j+Ui-pj 2.6)
ox? 2 h? h?
Consider equation 2.3, hence;
Ui,j+l _Ui,j — _1_ Ui+l,j+l _ZUi,j+1 +Ui-1.j+l Ui+l.j —2Ui.j +Ui—l.j .7
k 2 h? h?
In general, the right hand side of (2.7) contains three unknowns i.e., (Ui—l,j+1 . Ui,j+l and

Ui and (U, U and U, inthe left side ), pivotal values of U (Fig. 2.2)

i+l,j

oAl

|
J z/ k;
Al

Known values of U i-1 i i+l x

Unknown values of U

Fig. 2.2 Mesh point of Crank — Nicolson Method
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2.8 Literature Reviews

In (2005), Kumar and co-workers [5]. studied about adsorption of malachite green onto
Phithophora sp. with the initial malachite green of 20-100 mg/l. They found that algae posses some
capacity to uptake 64.4 mg/g at higher dye concentration of 100 mg/l and approach the equilibrium
state around at 50 minutes. Recently, Sukhuum and Inthorn [6] .have studied about removal of cr by
Rivularia sp. and Stigonema minutum. They considered the initial concentration of cr 500 mg/1 and
found that Rivularia sp. and Stigonema minutum had the highest cr’ adsorption at 38.27 and 43.59
mg/g then reached equilibrium state at 120 minutes.

In this study the ability of algae adsorption in wastewater polluted by alloys was investigated
and mathematically analyzed particularly on concentration of metals in contaminated water by using

mathematical model at any time and various distances.



Chapter 3

Methodology for Analysis of the Model

In chapter 3 we develop adsorption equation by using pseudo first order kinetic model for our
model. After that we find numerical solution by Crank — Nicolson implicit method and solve analytic
solution by Similarity method for explaining concentrations of metals remaining in the contaminated

wastewater at any time and various distances.
3.1 Model Formalism

We begin with mass balance law stating that the remaining concentration of metals in the

contaminated water is

oC o’C _aC
= = Digavo+f® (2.8)

where C is the remaining concentration of metals in the contaminated water (mg/l), D, is a
diffusion coefficient (mzlhr), v is the velocity in the x direction (m/hr),t is time of adsorption (hr),
Xis a distance (m), D, (82C/ axz) is diffusion term depend on the flow character in the ponds,
v(aé/ Ox) is convection term and function f(t) is adsorption term.

Our next goal is to find the explicit form of the functionf(t). We begin with pseudo first order

kinetic model:

9,

t

_dq  _ J k,dt
Qe —9)

Qo 0
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In(qe —q,)-In(qe —q,) = -kt
(9e —q0)
(de-aq) _ ekt
(qe —qo)
Qe —4, = ¢™'(qe —q,)
q, = gg—¢™"(qe —q,)
Therefore we have, q, = q¢ +€'(qy —qe) (2.9)

where q, is the initial amount of adsorbate per unit mass of algae (mg/g), q, and q, are the amounts
of adsorbate per unit mass of algae at equilibrium state and any time (mg/g), respectively, and K, is
constant rate of first order biosorption (1/hr). Next, we transform unit of the amount of adsorbate per
unit mass of algae (mg/g) to unit of the mass of adsorbed metals on algae (mg).

Thus we use the amount of adsorbate per unit mass of algae is the mass of adsorbate of algae

divided by the mass of algae, we have

M,, M M
9o = N;l’ q.==* q. == 3.0)

where M, is the mass of algae (mg), M,;, M, and M, is the mass of adsorbed metals on algae at
initial time, any time and equilibrium state (mg), respectively.

Substituting (3.0) into (2.9), we obtain,
M,q, = M,q, +e™'M,q,-M,q,)
M, = M,+e M, -M,) 3.1

In our model analyze the remaining concentration of metals in the contaminated water. Thus we

employ the conservation of mass stating that the remaining mass of metals after adsorbed by algae in



15

the contaminated water is the difference between the initial mass of the alloys in the wastewater and

the adsorbed mass on algae.
M=M -M (3.2)

where M is the mass of metals remaining in the contaminated water (mg), MO is the initial mass of
metals in the contaminated water (mg), and M, is the adsorbed mass on algae at any time (mg).

From conservation of mass we substitute (3.1) into (3.2), we obtain

M = M,-M, +e™'(M,, —M,) (3.3)

The remaining concentration of metals in the contaminated water is obtained by dividing (3.3) by a
constant volume V:

C = C,—(C,+e™(C,y,—C,))
where C; is the concentration of metals adsorbed on the algae at initial time, C,, is the concentration
of metals adsorbed on the algae at equilibrium state and C; is the concentration of metals adsorbed
on the algae at initial time (we decide C, equal zero because the concentration of adsorbed metals on
the algae at initial time without metal adsorbate). Then we simplify to above equation in the form,

C = e™C,+(C,-C,). (3.4)

Differentiating (3.4) with respect to t . The equation (3.4) can be rewritten as:

dC

E - kICﬂe'k"

The function f(t)is adsorption term. Then we let differential equation can be replaced by function

f(t). From above equation simplify to autonomous system we have:
f(t) = -k, (C—(Co -C, )) (3.5)

Substituting (3.5) into (2.8) yields:

oC o’C aC
E = ny—V&—kl(c—(co—cﬂ» (36)
The initial condition is C(X,0) =C,, 0 <x <L and the boundary conditions are

C0O0,t)=A,,t>0 and % = 0, forall xandt.
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The equation (3.6) is our model for solving by numerical and analysis solutions in the next section.

3.2 Mathematical Model and Dimensionless Variable

Previous to, the equation (3.6) will be solved numerical solution by Crank — Nicolson implicit
method. We have to simplify (3.6) of dimensionless parameter and variable whereas for all
independent and dependent variables on interval[0,1] .Therefore we define new independent and

dependent variables in form,

3.7

Let Ce[0,C\], te[0,T] and x €[0,L] whereas L is the length of ponds, T is time. And when

C, is the remaining concentration of metals in the contaminated water.

Thus, C=UC, , t=1T, x=EL
2 2

Therefore, §=&8—U s —6—C~=&8—U , 8_(23=C:,812J (3.8)

a6 T o ox L & ox* L 0O
Substituting (3.8) into (3.6) yields
C,0U DC,d*U vC,dU
N —-xN == N ——k,(UC, -(C,-C,))
T ot L & L &
a_U _D,C,T o*U 3 vTC, gl__ k,TUC, N k, T(C,-C,)
& CcL & C\L & Cy Cy

2

U _DTOU vIU 1y, KTC=C0) (3.9)
ot L O0& L & Cy
Lt a=2xL | p=YL Moy, p={S=C)

The equation (3.9) becomes

2
a—U=aa—?-b-a—I—J-—rvI(U—P) (4.0)
ot & o
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The initial condition is U(§,0) =C,, 0<& <1 and the boundary conditions are

U@0,7)=C,, t>0 and EiUé_IE:,‘t) = 0, forall§, x and T

3.3 Numerical Solution by Crank — Nicolson Implicit Method

In this section we approximate function U(§,T) from (4.0) using finite different method.
The function U(E,T) has independent variable £ and T, then mesh point £—1 forms coordinate
rectangular. Let the distance step size & is A =h and the time steps size TisAt=k, we

determine &; =ih whereas i=1,2,3...,N and T; = jk whereas j=1,2,3,..,.M

We approximate partial differential equation of U(E, 1) by Crank — Nicolson implicit method

from (4.1).
ﬂzj_ ~ 1 Ui+1,j+l—2Ui2,j+l+Ui—l,j+l +Ui+|,j'2U2i,j+Ui-1,j @1
3 2 h h

and approximate first order differential of U(E, T) by central finite difference, we have

ou Ui — Uiy

= 4.2
P 2h “-2)
?H ~ Ui,j+1"Ui,j (4.3)
ot k

We approximate partial differential by Crank — Nicolson implicit method and central finite
different with (4.2) and (4.3) by corresponding with the initial condition and the boundary conditions.

Substituting (4.1), (4.2) and (4.3) into (4.0), we have

Uiu— Ui a ( Ui =2U 50+ Ui + U —2U+ U j

k 2 h? h?
Ui+|,j - Ui-l,j
—b| L |- M(U, - P)
2h* (Ui,j+l ~-U; J)
K = aU,,;, —2aU;,;, +aU, ,, +aU,,;~2aU;;+aU;_, ;
—bhU,, , + bhU,_, ,~ 2h*M(U, , ~P)
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Let r=k/h?
2U; e 2U; ;= raUu,,, (W 2raU; T arU; mt raU;,, i~ 2raU; i+ raU,_, ;
—1bhU,,, ; +1bhU,_, ;- 2rh®M(U, , ~P)
—1aUy,, ;. +(2+2r2)U, |, ~raU,_ ., = (ra=brh)U,,; —(2ra~2+2Mrh*)U,
+(ra+brh)U,_, ; + 2Mrh’P (4.4)

From (4.4), we determine new variables to simplify form.

A=-ra, B =(2+2ra), O=-ra, D =(ra—bhr)
E =—(2ra—2+2Mrh?), F =(ra +brh), G =2Mrh?

Thus (4.4) becomes

AU, ;u+BU; ;,, +0U = DU, ;+EU,;+FU,_,;+GP (4.5)

i=1,j+1

In research we mesh point £ for N points and let U]’j and UN_j whereas j=0,1,2,..,M

is the boundary of this problem. We determine the boundary is C, for corresponding with (4.0).

i=1 i=2 i=N-1 i=N  j=M

U(O, T) U(L) t)

UE0)=G i=0

Fig. 3.1 Mesh point for computation numerical solution of (4.5)

We mesh point on & axis, it occur N—2 equations and N—2 unknown variables. When
we mesh point M+1 on T axis whereas j=0,1,2,..,M, we consider row j=0 thus U, , when

i=1,2,..,N.

Substituting i =1,2,3,...,Nand j=0,1,2,..., M into the boundary conditions.
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Whereasi=1, j=0 , we obtain

AU,, +BU,,+0U,, = DU,,+EU,,+FU,,+GP

AU,,+BU,, = DU, +EU,+ FU,, +GP-0U,, (4.6)
i=2, j=0;

AU, +BU,, + ou,, = DU,,+EU,,+ FU,V0 +GP 4.7
i=N-1, j=0;

AU, ,,+BU,,,+0Uy, = DU,,,+EUy,,+FU;,+GP

AU, +BUy,, = DU,,,+EU,,+FUy,+GP(N-1)-0(Uy_,)
AU, ,,+BU,,,+OU,,, = DU,,,+EU,,,+FU,,+GP
AUy ,,+(B+0)U,,, = DU,,,+EU,,+FU,+GP 4.8)

We show equation (4.9) of tridiagonal system, we obtain

B 0 MTu,] [ F 1 Uy, |
A B O U,, D EF U,,
A B O U,, D E F Usp
U4,l - U4,o
ABO DETF
L A (B+0)] _UN-l,l i L D E- _UN-l,o_
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[GP +FU,,-0U,, |
GP
GP
GP (4.9)
+ .
L FUy,+GP |
From matrix of (4.9), we simplify AX =B.
B O ] of
A B O Ca
A B O Ca,n
Ae X - C_Z,l
A B O
i A (B+O)] e
E F 1 S | [aP+FC,-0C;,]
D E F Co GP
D E F Co GP
B S ;;,0 . GP
D E F
i D EJC,| | FCyo+GP |

From matrix of (4.9), equation of system is solved by X = A™'B and using MATLAB program for

computing and showing graphic. We have to show in next chapter 4.
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3.4 Steady State Solution

The concept of steady state relates to the absence of changes in a system. An important
question stemming from many problems in the natural sciences is whether constant solutions
representing these static situations exist.

In some cases steady state solutions are of intrinsic interest: for example, most living
organisms function well in rather narrow ranges of temperature, acidity, or salinity. (More highly
evolved organisms have developed intricate internal mechanisms for maintaining body temperatures
and other factors at their appropriate constant levels.) On the other hand, steady state solutions may
seem of marginal interest in problems involving dynamic events such as growth, propagation, or
reproduction of a population [5].

Nevertheless, it is often true that by examining carefully what happens in a steady state.

Then in this section we use (4.0) for solving steady state solution.

ou
From (4.0) we solve steady state solution by deﬁningg =0, we obtain:

2
d Izj—big—MU = —-MP (5.0)
d” &

The equation (5.0) is nonhomogeneous ordinary differential equation. Thus, the general solution is

a

formed as a sum of homogeneus U, (x) and a particular solution Up (x) solution. We can to show
that in this form:

U(x) = U, (x)+ U, (x)
In the first of solving (5.0), we start to solve homogeneous form,

2
d ?—bgg—MU=0 (.1).
dg dg

d
The equation (5.1) is characteristic equation form so we decide-(—iy- =r for solving solution of (5.1).

a

We have

ar’ —br—-M = 0.

Hence, the roots of above equation are:



o b++b® +4aM

! 2a
_ b-vb*+4aM
= 20 TP
2a

From (5.2), we consider solution of homogeneous ordinary equation into 3 cases.

case 1. If b® +4aM =0 then L, = 2—
’ a

b b
- vl
therefore, the solution in this case is form U, &)= Ale(z‘] + Azﬁe(z'] .

b+4+/b* +4aM b—/b* +4aM

case 2. If b> +4aM >0 then 1, = sy I =
2a 2a
[bdm )E [b— T+ 4aM )g
therefore, the solution in case 2 is form U, (§)= Ae * +A,e *

case 3. If b +4aM <0 in this case has no solution because each parameter is positive.

We guess that a particular solution to (5.0) is a polynomial,
U, (&)= AE?+BE+D
U,(8)=2At+B
U, (§)=2A
we substitute (5.3) into (5.0), we have:
a(2A)~b(2AE +B) —M(AE? + BE + D)+ MP= 0
then A and B are equal zero, we obtain:
-MD+MP =0

~MD = —-MP
D="P

then, a particular solution U,(§) = P.
Therefore, from the general solution we have:

case 1. If b* +4aM =0

b b
= ZJe
therefore, the solution in this case is form U(&)= Ale(z') + Azie(z‘) +P.

case 2. If b> +4aM > 0
[b-&\/bzﬂaM]&

therefore, the solution in case 2 is form U(§)= Ae

22

(52)

(5.3)
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Next, we solve for arbitrary constant from boundary condition

U@0)=C, and u.7 = 0,
2
we obtain:
b b
Za 5
Case 1. U(§)= A.e(z")g +A2§e(2‘) +P
whereas & = 0
—b— 0 l )
U(0) = A,e(z“) +A20e(2") +P
C, = A +P
A] = Cl "‘P
whereas & = L

R
VW - (€ P2 (%)qu((g)Le(%);e(z—:)L]
(

L}

b (C —-P) (—P—-] e(zb‘:)L
. . _ (E)g ] 2a (Za)§
therefore solution of case 1.is U(E)= (C1 - P) e + Ee +P

(23) Lk, B

(5.4).
[b+MJ&
Case2. U(E)=A e

whereas £ =0

(b+\jbz+4aMJo [b Jo
U(0)=Ae +A,e 28 +P
C,=A+A,+P

A =C-A,-P
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whereas & = L

- [b+ 2:4aM]L N~ [%JL
U.(L)zA{b+\/b2+4aM]e 2o SN L b2+4aM L

a a

befb? +4aM b=Jb? +4aM
b+\/b2+4aM]e[—za ]L+A (b— b2+4aMJe[—za J
b+vb*+4aM | boybivdaM

=(C,—-A, - P
(Ci-A, )[ 2a 2a

b+/b* +4aM [%4‘%}
I -

b-yb? +4aM beyfb2 +4aM
(b— b2+4aM]e[—z. ]"_(b+\/b2+4aM}e[—za4 J A
2a 2a 2

b raam | (25

i oy
[b— b2+4aMJe( "n‘“M)L_(b+\/b2+4aM]e[ Zz

A, =

2a 2a

therefore solution of case 2. is

_(Cl - p)[b"'— MM)e[b+JTm]L b JFT
u® = |C - 2 1 [ =
[bm—) B WJ[bm)[Jf——J
2a ~ .
o P)(M_MM )[E} -
! 2a [ - }+P

.
[b__@) =5} (bmj[—*’—]
2a 2a

(5.5

We show the solution of steady state in 2 cases of (5.4) and (5.5). Next chapter, we show behavior of

these equation by using MALAB program.
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Next, we solve analytical solution by using Similarity. The Similarity Method is a method for solving
parabolic equation form of partial differential equation. Then we format (3.1) to simply form.

Let C" =C-C,+C,, the equation (3.1) becomes:

oc’ o’C’ oc’

=D, = —v==-—kC’ (5.6)
at x  ox

The similarity method has techniques for solving partial differential equation by using similarity
methods such as Free Parameter Method, Separation of Variables Method, Group Theory Method and
Dimensional Analysis Method. Among these methods, we consider to apply the group theory

technique of similarity methods for solving (5.6).

3.5Similarity Analysis by Invariance Groups
3.5.1 The Analysis of Invariance

This is the first part of finding the analytical solution.

Let
T=a"t=>t=a™"T
X=a"x=>x=a"X (5.7
C=a’C'=C =a"C

where T, X, and C are functions of t,X and C , respectively; a is an variable and m,n,p are the

parameters.

Substituting the parameter group of the transformation (5.7) into (5.6), we have

L

2 * -p -P 92 -p
o -D, 9 (’; &= 2 §—D"? 9 (i + 2 X | xavc
ot ox ox a" dT a™™ oX* a™ X
(5.8)
2
=a" x_ D, a™*" a—(';'+ va_rr x +ka™C
aT oX

Equating the powers of a yields
~-p+n=-p+2m=—p+m=-p

Let —-p+2m=—-p+m= m=0
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—-p+n=—p+m = m=0, n=0

which provides the zero values of m and n. Then (5.8) becomes

oc’ o’C oC 9’C oC
ot * ox* oT ox* X

-D +vaC +kC'=a'P{———-—- +—+kC
ox

Note that if p = 0 then the equation will reduce into the constant conformally invariant.

3.5.2 Similarity Solution

This section is the second part of finding the analytical solution by using Similarity Method [10].

Let n=xt’

By applying the parameter group of transformation and employing the constant conformally

invariants

n=xt' =@™"X)@"'T)' =a™" ™ XT*

m
And then n= xt—( ")
s = -m
where n

Next, we define function which is the function g= C' (x, t)t'of the dependent variable C'(x, 1)

as well as the independent variable t .

g =(@C(x,))(@"T) =a™"C(x, t)T"

Similarly, we have

i

g=C(x,t)t™

-
and then g=C'(x,))t" =F(n)

where g is defined to be the function of M in the last equality.
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C'(x,t) =F(m)t" *

Which we can change (5.6) with two independent variable x and t to (5.6) with just one variable, 1,
as the following ateps.

First, we differentiate (*) with respectto X and t ;

L]
* n P — m B '
QC—=LF(H)+t"F(n)(—m)xt =t l[pF(”)—m”F (”)) (59)
ot n n n n

F> O m pm

—=t"F tr=tr nF 6.0

™ M) m (6.0)

A SN

v =t* "F(mt =t~ "F(n) (6.1)
and then substitute (5.9), (6.0) and (6.1) into (5.6), can be written:
B ' p2m pm P
tn l(pF(n)_mnF(n)j_Dxtn n F (T])+Vt" nF(T])'f‘kF(T])tn = 0

n n
Next, equating the power of t, we have

n n n n n n
P, . .
Rt ){(E+RJF(n)—(m—n—VJF(n)—DXF (n)} =0
n n

Thus; (B+k)F(n)—(m—v]F'(n)—DxF'(n) = 0 6.2)

n n
We consider:
DipPo1=0= Poj g L2 g B2 1L (6.22)

n n n n n n n 2
D120 = o1& B0 hen By (6.2b)
n n n n n

We choose case 2). then (6.2) becomes:

D.F(m+(n-v)F(m) -(1+k)Fm) = 0 (6.3)
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It is not difficult to see that the general solution of the second — order ordinary differential equation in

the (6.3) is
F(m) =cF(m) +c,B(M)
we assume the solution (6.3) form F(n) =e™
thus, F (1) =ae™
F'(n)=a’e"

Substituting F(n), F(n), F (n) into (6.3), we have:

D,a’™ +(n—-v)ae™ —(1+k)e™" = 0
ean(Dxaz+(T]“V)a —(1+k)) = 0 ’e"n %0
2 +(n—v)a1 _(1+k) o
D, D,
2
A P J((""“’] 40+
2D, 2\ D, D,
We have:
[ )1 (n_-v))t_«m)],, [ml K(_ﬂ_))i(’_k)]n
2D, 2 Dy D, 2D, 2 D, D,
F(m) = ce +c,e

The boundary condition form C'(0,t) = A, , %(L,t) = 0

and the initial condition C'(x,0) = C,

i 4 .o
whereas C'(x,t) = (C(x,t)-C,+C,) ,C'(x,t)t» =F(m) ,n=xt "
We convert the initial condition and the boundary conditions to the value of F(1)

P P
The initial condiion ~ C'(x,00t * = F(n(x,0) = C,-(0)» , 0<P<owo
n



F(n(x,0) = 0

_P _P
and the boundary conditions co,nte = At®=FmnO,t)=0
P _P
CO,nH-C,+Cp)t> = 0 , t»=0
P
F(m(0,t)) = (A -C,+Ct " , t>0
oC'(L,t) _ oC (L) on _ XLy
O0x on O0x on
25t
- oC (L,t) = 0
on
E o,y
an »

From n= xt—(?) we have:

F(n(x,1)) = ce +c,e

To find the arbitrary constants, we obtain:

P
whereas F(n(0,t)) = (A, -C,+C)t", t>0

F(n(0,1)) = +c,e

P
(A -C+Ct™ = ¢ +c,

B
c, = (A -C,+C)Otr—c,

29
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and —af—(%(—nw = 0 , Vv,
[(THV)T]
OF((@.t) _ (m-v) _L e
U .
on ot [0, aa+k) 2P
. DX DX
[(—}{ﬂ—)—]
+c i) LN
? 2 2D
2D? m-v) +4(1+k)
DX DX
[-w_?-v)J. zlsi JRIS)
20, E e % |
Lt
°| (Lt " -v) 1 o
m 2 2D,
2D? Lt » =v) +4(1+k)
’ Dx DX
0= .
| '&iz].iﬁ_k_)
B, P! e Dy
-2 —(Lt_%—v) 1
+((A‘-—C0+C,,)t —c,) ~ - —ZD, e
o | =) |, 404K
i Dx DX
\ y
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[-‘u—:‘-v)]‘ 1 (u—':_v) LAk
1, |"3) b | m
Lt n
(Lt * —v) L
m ’ 2D,
2D? (Lt " —-v) + 4(1+Kk)
D, D,
0 =c, N / T
\ [-(u_':-v)] _1 A(u_':'-ﬂ] Auk)
2Dy 2 Dy Dy m
Lt
b - Lt_-"“l -v 1
+((Al_co+cal)t n-l) _(ﬂ z) _2Dx ¢
2D? (Lt » —-v) + 4(1+k)
D, D,
/
0
c = . — 3
( [-(u_n-v) R PPN )
2Dy 2 Dy n
L
(Lt " —v) _ b
m : 2D,
ZD: (Lt " —v) + 4(1+k)
D, D,
\
L
. -m
-2 (Lt »=-v) 1
+| (A, -C,+C Dt " -1 - ¢
(( 1 0 nl) J m 2 2Dx
2Di (Lt » —-v) + 4(1+k)
D, D,
\ \ / /

P
¢, =0thusc,= (A -C,+Ct"

The general solution is form:

F(n) =0e

p

[t [y a0, ( _p) &=
+ (A =C,+C )t " |-e

Nl {(_‘1'_"2)1+4!'+k2 |,,
2\ D, D,

From

C'(x, t)t—(—"-) =F(M) and C'(x,t) = (C(x,1)—-C, +C,) we obtain:
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P -2
C(x,t) =t" ((Al—Co+Cd)t ")-e +C,-C,
or
Cx,t) =(A,-C,+C,)-e +C,-C, (6.4)

Next chapter we show graphs of numerical solution, steady state and analytical solution. That we use

experimental data for graphing of these results.



Chapter 4

Numerical, Steady State and Analytical Results

In this chapter we will show results of numerical, steady state and analysis solutions by using
MATLAB program for finding the remaining concentrations of metals in the contaminated wastewater at

any time and various distances.
4.1 Numerical Result

We use experimental data of the adsorption of malachite green onto Phithophora sp. [4]. and

show the numerical results at any time and various distances by Fig. 4.1

D, =01[m’/min], v=01]m/s],. Co=64[mg /1]

k, =1.42[1/min], C, =100[mg/1]

We compute the point of x and t axis of (5.1). We have the matrix size of 11x11, then we

display the graph of numerical solution.

Numerical Solution
100
20 e 3 = 0 T3
] ——=x=01m
Ty =z m Y
§ wmeiex=03m
S
8
-
o
.
=
[}
(5]
10 L] 1 1 H L 1] ] 1 i 3
o - z 5 3 5 3 7 3 (3 BT
Time ¢hour)

Fig.4.1 shows numerical solutions of the remaining concentration of metals in the contaminated

wastewater at any time and various distances.
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Chapter $

Conclusion and Discussion

5.1 Conclusion

In this research we solve numerical solution by Crank — Nicolson implicit method, steady
state solution and analytical solution by Similarity method. The proposed three of method results of
the remaining concentration of metals contaminated in wastewater with algae showed that the
concentrations of contaminated water in mathematical model decrease to equilibrium state in every
case. The results from two related papers, chromium adsorption with chitosan resin and dye
adsorption by Phithophora sp. had been compared with our results. There has been satisfactory

agreement between the theoretical mathematical model and experimental data.

5.2 Suggestions for Further Study
In this research we analyze the remaining concentration of metals in the contaminated
wastewater in 1 dimension. In the future we suggest analyzing the remaining concentration in 2

dimensions for analysis is careful more than 1 dimension, and developing adsorption term.
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Abstract

We studied the ability of adsorption of algae in wastewater polluted by alloys.
A mathematical model Is developed to deseribe the biosorption of metals by algae
in the contaminated water, The analytic solution is obtained by using Simllarity
method. The result provides understanding the advection and diffusion of the metais
in the contamindted water at various times and pogitions. 1t was fpund that the
concentration of metals in the contaminated water consisting of the algae decreases
ovet time and asymptotically reaches the equilibrium state. Moreover, the analytic
results wero validated by comparing with experimental data. This work is expected
to greatly benefit an environmental science particularly toncerning the wastewater
treatment.

Keywords: Biosorption, Wastewater, Advection, Diffusion, Similarity method, Equilib-
rium state.

1 Introduction

Nowadays wastewater is one of the most problems of efivironment stem froin ¢ormmunity,

agriculture and industrial efluents which are different amount of the byproduct of indus-
trinlization. With the industrial increase nowadays the problem of wastewater has become
even more severe especially when lacking of good wastewater management. Industrial
wastewaters differ in their imputities and here metals contaminated tasteWater is congid-
ered for treatment aspect using microalgae. Normally, wastewater treatment can be as
simple as chemical addition or as complex as the combination of multiple unit prpcesses
for a:complete water treatment system. Here the process of adsorption is focused. The
microalgae is used as an adsorption agent, thus the process is so called biosorption. Be-
cause aerobic treatment reservoir in our system has abundant the algse and the aquatic
plant, they then act as wastewater cleaning metal alloys agent in the contaminated water.
The mathematical model is developed to describe the biosorption of metals by algae in
the contaminated water and the analytic solution is obtained for having insight into the
problem.[1-3]

In {2005)(4] Kumar and co-workers studied about adsorption of malachite green onto
Phithophora sp. with the initial malachite green of (20-100 mg/1). They found that algae
posses some capacity to uptake 64.4 mg/g at higher dye concentration of 100 g/l and
approach the equilibrium state around at 50 minutes. Recently,[5] Sukhuum and Inthorn

*Corresponding author B.Pimpunchat: knbusaya@lmitl.ac.th.
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have studied about removal of Cr¥? by Rivularic sp. and Stigonems minutum. They
considered the initial concentration of C7*+3 500 nig/! and found that Rivularia sp. and
Stigonema minutum had the highest Cr*? adsorption at 38.27 and 43.59 mg/g then reach
equilibriurn state at 120 minutes.

In this study the ability of adsorption of algag in wastewater palluted by alloys was
investigated and mathematically analyzed particularly on concentration of metaly in con-
taminated water by using mathematical model at any time and various distance.

2 Model formalism

By using the conservation of mass, the amount of metals remaining in after the contam-
inated water is given by the initial amount &f the alloy in tlie wagtewater minus and-the
amount adsotbed on the algae. .

C=C -G (1)

where C is the concentfation of metals in the remaining in the contaminated water (mg/l),
Cq Is the initial cdncentration of metals in the contaminated water (mg/l), &nd C, is the
concentration adsorbed on the algae at any time(mg/1). The,retnaining concentration of
metals in the contaminated water is obtained from the following mass balance

% -p.Z0_ 2 )

where D, 8 a diffusion coefficient; v is the velocity in the x direction , ¢ is time of
adsorption. To find the function f(t), we begin with by pseudo first order model.

3 (g -9) (3)

where gq; and g are the amouht of adsorbed metals on algee at equilibrium and at any
time (mg/g), respectively , k; is the rate constant first order biogorption.

Integrating Equation (3);
% t
[ st = [na
0 qat—4 0

g = qa+e 5 (g0 — gar) (4)
Then formuila ability 8dsorj of algae

Mo My Ma )
o M.u‘h M,’ Qat M,

where ¢; is the amounts of adsorbed metals on algag at any time (mg/g), M, is the mass
of algae (g), Mo, M; and M, is the mass of adsorbed metals on algee at initial time, any
time and equilibrium state(mg), respectively.
Solving (4) and (5), we obtain;
M; = My +e (Mo~ M) (6)

Let M is the-remaining mass of metals in the contaminated water (ing). From couservation
of mass we have:
M = Altntal - Mt (7)

where Metal is total mass of metal (mg).
Substituting (6) into conservation of mass (7), we obtain;

M= Mtotal - (Mal + e—hr(MO - Mal)) (8)
Let V be a constant volume (l). Dividing Equation (8) by V, we have:

C = e-.htcnl + (CO - Cnl) (9)

ICMA-MU 20:
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Differentiating (9) with respect to ¢, equation (9) can be rewritten as:

f{t) = =k (C— (Co —Car)) (10)
Substituting (10)‘into (2) yields:
o _ o0 o
o = Y67 Vhz
I‘et C.= C—CO+CAI:

— ki (C— (Co = Car))

ac 8¢ ac
Bt = Do v —_—— - G (11)
The initial condition is
C*(z,0) = Co (12)

and the boundary conditions are
. oc
C*(0,t) = Gy, W(Lvﬂ =0,0<z<L (13)

where Cy isa constant. The equation (11) is the mathematical model for this problem. We
derive the similarity solution of equation (11) using the group theory method of similarity

analysis.

3 Similarity Analysis by Invariance Groups

3.1 The Analysis of invariance

There ara several thechniques for solving partial differential equation by using similarity
methods such as Free Parameter Method, Separation of Variables Method, Group Theory
Method and Dimensional Analysis Method. Among these methods, we consider to apply
the group theory method of similarity methods for solving the equation (11).

To solve Equation {11) using the one parameter group of transformation

T=a"t=>t=a"T
X=o"z=>z=a""X (14)
C=adPC*=C*=a*C

where T, X, and C are functions of ¢, z, and C*, respectively, 'a’ is an variable and m,n,

p are the parameters.
Employing Equation (14) into Equation (11), wve have:

ac* a’c' 29" _ _pndC —p42m8C | _em8C
Bt "D tvpx thC = BT g D st ve 53("""‘“(156;
Equating the powers of ‘a’, becomes;

—-p+n = —p+2m = ~p+m = —p

Let

-p+2m = ~p+m=>m=10
—-p+n = -p+m=>m=0,n=0

Employing these values in Equation (15) , becomes ;

ac 8’¢ | ac* . ac 8’Cc &C
Bt " Degxz trgx thC = (oT D‘axﬁ*"o_x““c)

If p = Othen the equation will reduce into the constant conformally mvariant.
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3.2 Similarity Solution

Let
n = =zt* (16)
To reduce equation (21) to the constant conformaly invariant;

nN=zat= (a"';‘X) (a""T)' =g~m™ne L X7 (anly if-m-ns=0, 8= :-;?)

Henve
n= xt(_%)

Again consider the another function g which is the function of also the dependent variable
C* aswell as the independent variable ¢
Let

g = ¢t (17)
To reduce into constant conformaly invariant;
g = (a?C) (e "T)" = o P " CT" (only if—-p—nr=0r= :;-‘E)

Then
g = C‘t(—e)

Choose: g = C‘t("*) = F(n)
Now, we have to definé the value of F (1):

9 _ (=) (PF(ﬂ)—mnF' (n))
ot —

n
502‘ = (E=3)F () (18)
2 == )
Substitating (18) into (11) , can be written:
#(232) (EE:}"&) — D" ot 4 kR F (19)
From: —p+n = —p4+2m = ~p4+m = —-p
Thus: - (252) = - (E2m) = —(B2) = -2

We consider:

e p=n _ _ ~2m _ = =
1). if %—0#5—1&%_0thm%_%‘ﬂag-§
). if El=0=L=14E=0the £=2 a2 =]

Wa choose case 2). then equation (19) becomes:

D F" (n) + (n—-v)F (n)+ (1+k)F(n) = 0 (20)
The tnitial condition is
F(n(z,0)) = 0 (21)
and the boundary conditions are
F©.0) = @-G+oad-8 izo ZEELA - _ g v, @)
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From equation (20) assuming that: F = o7
We get: e (Dza®+(m—-v)a~(1+k)) = 0 ,e?#0

General solution is form: F(5) = ¢1F1 () + c2Fa (n)
Thus;

F(n) = Cle(-%?+g\/@r@)"+me('%?'i (B2 +554 )n

Substituting the boundary conditions to find the arbitrary constants, we have;

Fn) = (c,-co+c,,):(-é)e(’%?”"(’5=‘) *‘:;-“)"
.;('*)-- (__) T -
-ﬁ_m___l_ -3 (_L_v'l..:_.) v [ (-2)

C(z,t) = (Ci—Co+Cat)e (23)

4 Results and Discussion

In this research, We use experimental data of the adsorption of malachite green onto
Phithophora sp.[4]. We shows the comparing analytical results with experimental data
also with the average analytical result.

In research {9} studied adsorption of chromium (V1) from electroplating factory by chi-
tosan resin. We use eXperiment data for comparing analytical result and average analytical
result as shown in Figure 1-4.

5 Conclusion

The proposed results of concentration of metals contaminated in water with algaeshowed
that the concentrations of contaminated water in mathematical model decrease to equilib-
rium state in every case. The results from two related papers, chromium adsorption with
chitosan resin and dye adsorption by Phithophora sp. had been compared with our results.
There has been satisfactory agreement between the theoretical mathematical model and
experimental data.
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Figure 1: Shows the remainder of concentration of dye in water with analytic solution after
adsorption by Phithophora ap. The result shaws any position decrease and asymptotically
reathes the equilibrium state at 35.7 mg/1
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Figure 2: Comparing experiment with average analytic solution found that experimental
result conform to average analytic solution and asymptoticaily reaches the equilibrium
state 35.7 mg/] at 50 minutes.
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Figure 3: Shows the remainder of concentration of chromium (VT) in water with analytic

solution after adsorption by chitosan-resin. The result shows any -position decrease and
asymptotically reaches the equilibrinm state at 52.2 mg/]
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Figure 4: Comparing experiment with average analytic solution found that experimental
sesult .conform to average .analytic solution and asymptotically reaches the equilihrium
state 52.2 mg/] at 6 hour.
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Wastewater Treatment Ponds [1]
There are mainly three types of pond used in wastewater treatment; anaerobic, facultative and
maturation ponds. The typical outline of treatment ponds is first a deep anaerobic pond where particles
settle followed by one or more shallow aerobic ponds. In general there is a high reduction of nitrogen but

phosphorus removal is quite low.

Aerobic ponds — facultative and maturation ponds

The treated water on the top of the anaerobic pond is lead further to a shallow aerobic pond where
other biological activities take over. Due to the supply of oxygen, dengradation of nutrients and harmful
substance are mainly done by heterotrophic bacteria and algae. These types require larger areas.
Facultative ponds remove BOD as well as reduce pathogens. The treatment is based on the algal and
bacterial mutualism which occurs in the upper layer where the sunlight can penetrate. The algae produce
oxygen through photosynthesis, which is used by the bacteria. The bacteria release ammonia, carbon
dioxide and phosphate which in tumn are used by the algae. Because of the photosynthetic activity of the

algae, oxygen and pH varies in the pond over day and night.

new cells r light
algae ﬁ

CO,,NH!, PO}
; bacteria ¥
organic matter J new celis

Algal — bacterial mutualism in facultative and maturation pond

Maturation ponds would be placed last in the sequence. They are aerobic through the whole depth
and functions as a pathogen reducer. This is due is to a high pH as well as the high concentration of
dissolved oxygen as a result of algae activity. Apart from efficiently removing fecal coliforms and viruses,

it reduce parasites up to 100%.
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Facultative ponds

Facultative ponds usually have a depth of 1.5 — 2 meter and retention period of 20 — 50 days. It
could be designed by estimating the volume, surface area and retention time. As the mean temperature is
surveyed before, the biological breakdown rate and BOD removal can be found out, which the retention
time is calculate from. The depth of the pond is determined by the climate of this area. For tropical climate
the depth could be | meter, in temperate climate 50 cm could be added and in cold area a additional 1

meter.

Anaerobic ponds

The design of anaerobic ponds is according to the temperature, pH and the putflow quality
demanded. Anaerobic ponds normally have a depth between 2 — 5 m and receive high BOD loads (more
than 100g BOD/m3.day). The pH of the waste water has to be ensured more than 6.2 before entering the

anaerobic process and a short retention time (2 — 4 day) is usually chosen.

Aerobic ponds
The design of the aerobic ponds should follow three principles. Firstly, give the minimum depth
to the pond while making the maximum algae production. Secondly, equalize the BOD removal and the

pathogen control. At last, encourage mixing and aeration to support the activity of aerobic bacteria.

Maturation ponds

The principle factor of the design of the maturation ponds is the detention time. This and
the number of the ponds are determined by the degree of bacterial purification of the ponds. Commonly,
the depth of the ponds is 1.5 — 2 m and the detention time is 5 — 15 days. It is essential to arrange the

maturation ponds in series with the preceding ponds to obtain the efficient reduction of the faecal bacteria
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Isotherm adsorption [2]
Adsorption is usually described through isotherms, that is, function which connect the amount of amount
of adsorbate on the adsorbent, with its pressure (if gas) or concentration (if liquid), One can find in
literature several models describing process of adsorption, namely Freundlich isotherm, Langmuir

isotherm, etc.

Langmuir isotherm
In 1916, Irving Langmuir published an isotherm for gases adsorbed on solids, which retained his

name. It is an empirical isotherm derived from a proposed kinetic mechanism. It is based on four
hypotheses:

1. The surface of the adsorbent is uniform, that is, all the adsorption sites are equal.

2. Adsorbed molecules do not interact.

3. All adsorption occur through the same mechanism.

4. At the maximum adsorption, only a monolayer is formed: molecules of adsorbate do not

deposit on other, already adsorbed, molecules of adsorbate, only on the free surface of the adsorbent.
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